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The Canon City coal field is located entirely within
the Canon City graben. The mined coal beds in the coal
field occur in the Vermejo Formation, which overlies the
Trinidad Sandstone.
Four formations in the Canon City graben record the
geologic history of the latest Cretaceous. The Pierre Shale,
which consists of silty marine sandstone and shale interbeds
in its upper part, is overlain by the marine Trinidad Sand-
stone. The Trinidad in turn is overlain by the nonmarine
and marine shale, sandstone, and bituminous coal of the
Vermejo Formation. Above the Vermejo is the nonmarine
sandstone and shale of the Raton Formation, which was
deposited during the Late Cretaceous and Early Tertiary.
The data base for this study includes 16 measured
sections, geophysical logs from 18 coal exploratory drill
holes, and lithologic descriptions of cores from 78 coal
exploratory drill holes. From these data the Pierre Shale
is interpreted as a prodelta deposit overlain by wave-
dominated deltaic deposits of the Trinidad Sandstone. The
Vermejo Formation is divided into 3 members: the lower
member, which consists of lower delta plain deposits; the
Rockvale Member, which consists of both marine shoreline
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deposits and a tidal channel-estuary complex; and the upper
member, which consists of lower and upper coastal plain-
fluvial deposits.
The marine shoreline deposits of the Rockvale Member
locally include a basal marine shale. Deposition of the
shale was bathymetrically controlled; an isopach map of the
shale gives a paleoshoreline trend of N. 450 W. The marine
Rockvale Member thins and wedges out toward the southwest,
which was the landward direction during Late Cretaceous time.
The relative sea level changes recorded by the Trinidad
Sandstone and Vermejo Formation may have been caused at
least in part by repeated small scale vertical movement on
fault blocks. Syndepositional movement on fault blocks is
indicated by: 1) an angular unconformity at or near the
base of the Rockvale Member that formed at the time of
maximum transgression; 2). thickness variations within a
chronostratigraphic interval that contains the Rockvale
Member; 3) local thinning of genetic units within the Rock-
vale Member; and 4) sandstone dikes in the lower member.
The thickest coal in the Canon City coal field is
located near the landward edge of the marine Rockvale
Member, in the Pine Gulch coal bed, at the same strati-
graphic level as the top of the Rockvale Member of the
Vermejo Formation. The lower member of the Vermejo
iv
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Formation and the Pine Gulch coal bed of the upper member
contain coal beds that are as much as 11 feet (3.4 m) thick
and that underlie as much as 43 square miles (111 sq. km).
The upper member contains coal beds that in general are
thin and lenticular, with the exception of the Pine Gulch
coal bed, but locally coal beds are as much as 7 feet (2.2 m)
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The study area encompasses the Canon City coal field
and includes all outcrops of the Upper Cretaceous Trinidad
Sandstone and Vermejo Formation in the Laramide Canon City
graben, (Fig. 1). The formations underlie about 43 square
miles (Ill sq. km) in the Canon City and Rockvale 7~ minute
quadrangles. They are preserved within the asymmetric
Chandler syncline on the west side of the Canon City graben
and are bounded on the south and west by the Wet Mountain
fault zone.
The area is readily accessible by paved and unpaved
county roads and by dirt roads that were constructed to
provide access to old coal mines. Canon City is located
on the north side of the study area; Florence is on the
northeast side. The elevation in the study area ranges
from 5200 to 6800 feet (1610 to 2110 m) above sea level.
Purpose of Study
The primary objective of this study was to reconstruct
the environments of deposition of the Trinidad Sandstone






















second objective was to determine the possible influence of
the depositional setting and interpreted syndepositional
fault block movement on the lateral extents and thicknesses-
of the coal beds in the Vermejo Formation.
Method of Investigation
Field work was done during the summer of 1980 and
included measurement and description of 16 detailed strati-
graphic sections. Coal mine operators in the coal field
provided geophysical logs from 18 drill holes and lithologic
descriptions of cores from 78 drill holes. The Rockvale
Member of the Vermejo Formation and the Trinidad Sandstone
were mapped by modifying the reconnaissance geologic maps
of Scott and Taylor (1974) and Scott (1977) using black
and white aerial photographs at a scale of 1:20,000. Drill
hole data aided mapping in areas of poor exposure.
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PREVIOUS STUDIES AND TERMINOLOGY
Coal was first reported in the Canon City coal field
in 1823 by Major S.H. Long's expedition (Lee, 1917). About
100 years later, Washburne (1910) constructed a geologic map
of the area showing coal bed outcrops and constructed a
generalized geologic section showing the relative positions
of the coal beds. Washburne's map is the only published map
that shows coal bed outcrops in the coal field. His deter-
mination of the relative positions of the coal beds has been
used by all subsequent workers.
Washburne correlated the Canon City coal-bearing forma-
tion with the Denver basin's coal-bearing Laramie Formation
because the lithologic sequences in the two basins are
identical, even though fossil evidence indicated that the
Canon City coal-bearing rocks were older. Lee (1917)
discovered that the plant fossils that Washburne had thought
were from the lowest coal-bearing rocks in the Canon City
coal field were in fact from the upper coal-bearing rocks.
Because of this and because the invertebrate fossils Lee
collected from the Pierre Shale in the Canon City area
showed the Pierre there to be time-equivalent to the Pierre
in the Raton basin, Lee correlated the coal-bearing rocks
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of the Canon City coal field with the Raton basin's coal-
bearing Vermejo Formation.
Knowlton (1917), p. 223-349) identified the fossil
leaves found in the Vermejo Formation. In 1958, Mann
described the Trinidad Sandstone and Vermejo Formation in
his report on the geology of the Chandler syncline. Landis
(1959) calculated the coal resources of the coal field
using the published data of Washburne (1910) and Lee (1917).
Hunt (1963) measured 6 sections in the area and did a
detailed petrographic study of selected sandstones. Clark
(1963, 1965, and 1966) sampled 5 of the coal beds and
examined the palynomorph assemblages. He stated that no
major floral change was evident between the lowest and
highest coal beds in the formation, so the palynomorphs did
not prove useful for- zoning.
Scott and Taylor (1974) and Scott (1977) made recon-
naissance geologic maps of the two 7~ minute quadrangles
that contain the Canon City coal field and divided the
Vermejo Formation, as recognized by Lee (1917), into the
Vermejo Formation and the Raton Formation. This terminology
extends the name Raton Formation from the Raton basin into
the Canon City area based on the similarity of the rocks in
age and lithology.
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Boreck and Murray (1979) estimated the amount of coal
depletion of each of the coal beds using reported coal mine
production data. Meyers and others (1981) prepared a
location map of mines in the Canon City coal field on
U.S.G.S. topographic base maps at a scale of 1:24,000. The
maps show extent of mining, locations of hazards, and
existing subsidence features.
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GENERAL STRATIGRAPHIC AND STRUCTU.RAL SETTING
The latest Cretaceous part of the stratigraphic section
in the Canon City area (Fig. 2) consists, from oldest to
youngest, of the marine Pierre Shale and Trinidad Sandstone,
the nonmarine and marine coal-bearing Vermejo Formation, and
the nonmarine Raton Formation. The upper part of the Raton
Formation contains thin lignitic shales, one of which
contains pollen identified as Paleocene by Robert Tschudy
(Scott, 1977).
The Pierre, Trinidad, Vermejo, and Raton Formations
were deposited during the third major regression of the Late
Cretaceous seaway (Fig. 3) as described by Weimer (1960,
p. 5), and referred to as the Clagget Cyclothem by Kauffman
(1977, p. 89). The major regressions and their associated
transgressions are equivalent to the third-order cycles of
Vail and others (1977). They are generally considered to
have had durations of approximately 1 to 10 million years
and to have been eustatic.
Most coal fields in Cretaceous strata exist in areas
characterized by vertical stacking of marine deposits in
response to fourth-order cycles, which are superimposed on
third-order cycles as described by Ryer (1981a). The Canon
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stacking of fourth-order depositional cycles (Fig. 3).
Fourth-order cycles were too short in duration to be accu-
rately dated by biostratigraphic or geochronologic methods~
but may have lasted from a few tens to a few hundreds of
thousands of years (Ryer, 1981a, p. 3). The origin of
fourth-order cycles is problematical; several processes
have been suggested that may have caused them either singly
or in combination (Table 1). In the section on interpreted
syndepositional fault block movement, local syndepositional
fault block movement near a shoreline is described as an
additional process that may cause fourth-order cycles.
The strata are preserved within the Chandler syncline,
which is on the west side of the Canon City graben (Fig. 4).
The Chandler syncline is asymmetric'; sediments on the east
flank dip about 4 degrees and sed~ent on the west flank
either dip steeply or are overturned. A structure contour
map on top of the Rockvale Member and base of the Pine Gulch
coal bed of the Vermejo Formation (Fig. 2) shows that the
Chandler syncline is doubly plunging (Fig. 5).
The structure contour map shows other structures that
are generally northeast-trending. Faults with only a few
tens of feet or less of offset are also present in the coal
field, but they are not shown on the structure contour map
due to their small magnitude. All of the structures may be
Laramide or post-Laramide in origin.
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TABLE 1
Processes that may have produced fourth-order trans-
gressions and regressions in Cretaceous strata (from Ryer,
1981a) :
1. Changes in the rate of sediment supply caused by
changes in climate or by tectonic uplift
2. Crustal loading in the basin associated with
thrusting in the Sevier orogenic belt (Armstrong,
1968)
3. Fluctuations in the configuration of the geoid
(Morner, 1976)
4. Autocyclic processes such as delta switching or
river avulsion (Beerbower, 1964)
5. Changes in the volume of ice in the polar regions
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Figure 5--Structure contour map on top of the Upper
Rockvale Member sandstone or, where absent, on the
base of the Pine Gulch coal bed.
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Sediment deposited in the Canon City area during the
Late Cretaceous was derived either from the Sevier Orogenic
Belt in Utah or by erosion and recycling of Cretaceous
sediments from nearby uplifts. Coarse-grained sandstone is
present in the middle shoreface facies of the Rockvale
Member of the Vermejo Formation, as described in the section
on descriptive stratigraphy, suggesting a nearby source of
sediment and a relatively high depositional gradient during
and after deposition of that facies. The composition and
texture of the sediments do not clearly indicate local
derivation until the Paleocene, when the uplifts were eroded
to basement level. The Paleocene Poison Canyon Formation,
which overlies the Raton Formation, contains Precambrian
conglomerate in the Canon City area (Scott and Taylor, 1974;
Scott, 1977), indicating that the core of the Wet Mountains
was exposed at that time.
The onset of major Laramide uplift in the Canon City
area probably began during the Paleocene, as indicated by
the unconformable contact of the Paleocene Raton Formation
with the overlying Paleocene Poison Canyon Formation (Tweto,
1975, p. 11). Laramide uplift was accompanied by drape
folding of sediment at the boundaries of basement fault
blocks (Brown, 1979; Weimer, 1980), and this is illustrated
by the geometry and ages of the strata near both margins of
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the Canon City graben (Fig. 4). Although most of the
Laramide deformation occurred during the Tertiary, defor-
mation probably began during the Cretaceous. Drape folding
of the sediments during the early Late Cretaceous was
interpreted between the Canon City graben and the Red Creek
arch (Fig. 4) by Weimer (1980).
The synclines, anticlines, and faults shown on the
structure contour map (Fig. 5) probably formed by draping
and faulting at basement block boundaries in keeping with
the structural style of this area. The locations of the
two northeast-trending faults near the center of the struc-
ture contour map (Fig. 5) are based on observation of
offset at one locality each (Figs. 6 and 7). Both faults
show about 60 feet (18 m) of offset. The trend of the
faults as shown was based on their interpreted effect on
the topography (Pl. 1).
T-2630 16
Brewster mine
Figure 6--Location of the northeast-trending fault
at Highway 115, in SW Sec. 7, T. 19 S., R. 69 W.
Mined coal of the Brewster mine on the down thrown
side has been eroded away on the upthrown side.
View to the west.
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Figure 7--Location of the northeast-trending fault
near the town of Coalcreek, in central Sec. 30,
T. 19 S., R. 69 W. The top of the Trinidad Sandstone
is structurally higher on the upthrown side. View
to the southwest across the Canon City coal field




The Trinidad Sandstone and Vermejo Formation are each
composed of several facies, which are defined as the local
lithologic or biologic aspects of a time-stratigraphic unit.
The various facies are the products of different environ-
ments of deposition, and are described in the following
paragraphs. A summary of the diagnostic characteristics
of the facies with their related environments is presented
in Tables 2, 3, and 4, and a schematic comparison of the
Trinidad Sandstone deltaic facies and the Vermejo Formation
shoreline facies is illustrated in Figure 8.
The upper part of the Pierre Shale, which underlies the
Trinidad Sandstone, was examined at two locations to aid in
understanding the Trinidad.
Pierre Shale
The upper part of the marine Pierre Shale is inter-
mediate in character between the pierre Shale and the over-
lying Trinidad Sandstone (Scott and Cobban, 1975). The
contact of the Pierre Shale with the overlying Trinidad
Sandstone is placed at the base of the lowest sandstone bed
that is more than one foot (0.3 m) thick, above which the





























































































































































































































































































































































































































































































































































































































































The uppermost 80 feet (24 m) of the Pierre Shale
(Fig. 9) consists of subparallel laminated silty sandstone
and shale interbeds generally 0.1 to 0.2 feet (3 to 6 cm)
thick with minor hummocky crossbedding. Organic debris
imprints, symmetrical ripples, and shale clasts occur along
bedding planes. Trace fossils that are dominantly oriented
perpendicular to bedding occur especially at the tops of
beds. Trace fossils include Thalassinoides, Cylindrichnus,
Arenicolites, and unidentified trails.
The Pierre as measured is interpreted as the deposit of
the prodelta paleoenvironmental setting. Modern prodelta
deposits are formed mostly of suspended sediments carried
seaward from a river mouth and deposited primarily as
parallel laminae (Coleman, 1976, p. 29). The topmost Pierre
Shale is two fossil zones younger at Canon City (Baculites
eliasi) than in the Raton basin (Baculites reesidei) and
three fossil zones older than at Colorado Springs (Baculites
clinolobatus) (Scott and Cobban, 1965; ibid, 1975, Cobban,
1976). This reflects the regional northeastward regression
of the Late Cretaceous shoreline.
Trinidad Sandstone
Four sections were measured in the Trinidad Sandstone
(Pl. 2). The Trinidad is 100 to 140 feet (30.5 to 43 m)
T-2630
Figure g--Prodelta facies (PD) of the Pierre
Shale and transition zone (TZ) and lower delta
front (LDF) facies of the Trinidad Sandstone,
near Section A~2, units 1 and 2.
24
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thick and is composed of four interpreted marine facies
(Table 2) that formed at different water depths and under
different energy conditions.
The basal 95 feet (29 m) of the Trinidad consists of
fine-grained sandstone in generally 5-foot (1.5 m) sets
that are subparallel to hummocky bedded, with ripple marks
and trace fossils dominantly at the tops of sets. The trace
fossils were identified as Ophiomorpha, Arenicolites,
Thalassinoides, Cylindrichnus, and Chondrites. This unit
(Figs. 9 and 10) is laterally extensive and is interpreted
as a lower delta front deposit. It includes the 10 to 15
feet (3.l to 4.6 m) thick transition zone with the under-
lying prodelta deposits.
Modern lower delta front deposits develop between
normal wave base and storm wave base. They probably consist
mostly of storm deposits rather than of deposits of longer-
lasting fair weather conditions as described by Kumar and
Sanders (1976) for lower shoreface deposits. Kumar and
Sanders attribute the horizontal laminae of these deposits
to deposition from suspension as storms waned. Harms and
others (1975, p. 87-88) attribute the hummocky crossbedding
to storms, which scour swales or hummocks on the sea floor.
The laminae of the sediments that fill the hummocks have
different orientations due to changing current directions
T-2630
Figure lO--Subparallel and hummocky bedding in
the lower delta front facies of the Trinidad
Sandstone. From the exposure along Highway 115
in SE Sec. 7, T. 19 S. ,R. 69 w.
26
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associated with the passage of storms. Clay may be inter-
bedded with the sand (Walker, 1979, p. 81). At the
tops of the storm deposits are wave-ripple laminae and
burrowed sediment that formed during fair weather.
The basal 95 feet (29 m) of the Trinidad Sandstone is
overlain by a 40-foot (12 m) thick facies consisting of
medium-grained trough crossbedded sandstone in wedge sets
generally 2 feet (0.6 m) thick (Fig. 11). The facies locally
contains Ophiomorpha, Diplocriterion, and Arenicolites. It
is laterally extensive and is interpreted as an upper delta
front deposit. In modern environments, the upper delta
front facies is deposited below low tide and above normal
wave base and may be partially or completely reworked by
waves (Reading, 1978, p. 128).
These two facies of the Trinidad are partially replaced
by two other facies at Section A-10 (Pl. 2). The older of
these two other facies is 18 feet (5.5 m) thick. It
consists of medium-grained sandstone that is subparallel
bedded, and is interpreted as a distributary mouth bar
deposit (Fig. 12).
Modern distributary mouth bar deposits form at the
seaward terminus of distributary channels where the channel
current undergoes a decrease in velocity and, therefore, a
decrease in carrying power as it leaves the confines of the
T-2630
Figure Il--Trough crossbedding in the upper shore-
face facies of the Trinidad Sandstone. From the
exposure near railroad tracks in NE Sec. 18, T. 19
S., R. 69 W.
28
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Figure l2--Pistributary channel (DC) and distribu-
tary mouth bar (DMB) facies of the Trinidad Sand-
stone, Section A-lOb, units 3 and 4.
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channel (Coleman, 1976, p. 30-31). The distributary mouth
bar facies contains the coarsest and cleanest sandstone
deposits of the deltaic setting. Although silts and clays
may be deposited in modern distributary mouth bars, the fine-
grained material is usually not preserved due to reworking
of the deposits during low water periods. This facies has
a high sedimentation rate in modern deltaic environments.
The younger of the two local facies at Section A-lO is
about 40 feet (12 m) thick (Fig. 8). It consists of medium-
grained to fine-grained sandstone that is polymodal trough
crossbedded to subparallel bedded in sets up to 0.5 feet
(0.2 m) thick. The unit has a scour base with up to 3 feet
(0.9 m) of relief, contains transported coal in the basal
part, fines upward slightly, is about 500 feet (153 m) wide,
is lenticular in shape, lacks accretionary bedding, and has
a rooted zone at the top. This upper facies is interpreted
as an active fill deposit of a distributary channel and is
similar to modern deposits of the Mississippi River described
by Coleman (1976, p. 35-36). At Section A-lOa (Pl. 2), there
is vertical stacking of two distributary channel deposits;
the stacking may be due to syndepositional fault block move-
ment or sea level rise.
There are two reasons for believing that the Trinidad
Sandstone was deposited in a wave-dominated deltaic setting
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rather than a fluvial-dominated deltaic setting. First,
distributary channels were seen at only one location on the
outcrop, at Section A-10 (Pl. 2), and a fluvial dominated
setting would be expected to have many distributary channel
deposits due to autocyclic delta-switching. Second, the
bedding observed in the Trinidad Sandstone, except at the
distributary channels, is typical of the deposits of wave
processes in modern marine environments.
A schematic diagram of the interpreted paleoenviron-
mental setting during deposition of the Trinidad Sandstone
is shown in Figure 13. The distributary channel illustrated
in the northern part of the coal field (Fig. 13) and seen
at Section A-10 (Pl. 2) is reflected in the isopach map of
the overlying Rockvale coal bed (Appendix B, p. 89). The
Rockvale coal bed is thin or_ absent in the area of the
distributary channel. The coal bed is also thin or absent
in another area in the south part of the coal field, and
this may indicate the location of a distributary channel
that wasn't seen in an outcrop. This interpreted channel
is illustrated in the southern part of the coal field in
Figure 13. The isopach of the coal bed also shows thin
coal in a narrow area in the southern part of Section 13
and the northern part of Section 24, T. 19 S., R. 70 W.
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Figure l3--Schernatic diagram of the interpreted
paleoenvironmental setting during deposition of the
Trinidad Sandstone in the northeastern portion of the
area. Cross section A-C illustrates the widespread
sand body formed by the seaward progradation of the
deltaic facies; UDF=upper delta front, LDF=lower delta
front, PD=prodelta.
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cutting out the coal bed in the Fremont mine. It appears,
then, that the coal is thin or absent in a narrow area
where there has been erosion of the coal by a later over-
lying channel, and the coal is thin or absent in a wider
area where the syndepositional presence of a distributary
channel and its associated crevasse splays inhibited the
growth of coal-forming peat.
The northwestern trend of the Trinidad paleoshoreline
(Fig. l3) was determined from the outcrops near Section A-2
(Pl. I) by sighting between canyon exposures on the trend of
the landward wedgeout of marine shale beds.
Vermejo Formation
The massive sandstone of the Trinidad is conformably
overlain by nonmarine and marine shale, silty sandstone, and
bituminous coal of the Vermejo Formation. The Vermejo
Formation is 630 to 760 feet (192 to 232 m) thick in the
Canon City coal field. It is divided into 3 members: the
nonmarine lower and upper members are separated by the marine
Rockvale Member. The Rockvale Member thins and wedges out
in the central part of the coal field and is absent due to
nondeposition in the southern part of the coal field; in
the southern part of the coal field the boundary between
the lower member and the upper member is placed at the base
T-2630 34
of the widespread Pine Gulch coal bed, which directly over-
lies the Rockvale Member where it is present.
Lower Member
The lower member of the Vermejo Formation consists of
nonmarine and marginal marine facies that were deposited
above the marine Trinidad Sandstone. Two sections were
measured in the lower member that extended through more
than half of the thickness of the member (Pl. 2 and 3).
Seven other sections measured only a small part of the top
of the member. Based mainly on drill hole data, the thick-
ness of the lower member ranges from 190 to 340 feet (50 to
104 m). Based on measured sections, seven distinct rock
types interpreted as facies are recognized, and they are
summarized in Table 3.
The channel facies generally consists of 4 to 20 feet
(1.2 to 6 m) of trough crossbedded sandstone that is coarse-
or medium-grained, fines upward, has a scour base, and con-
tains shale clasts along bedding planes. It contains minor
subparallel beds, log imprints with Teredolithos near the
base, root structures at the top, and is overlain by thin
shale and sandstone interbeds. No accretionary bedding was
seen in the channel deposits. Associated levee deposits
are present but were not distinguished from channel deposits
in this study.
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The splay facies (Fig. 14) consists of sandstone and
shale interbeds at the base that grade upward to dominantly
sandstone. This facies ranges in thickness from less than
one foot to ten feet (0.2 to 3.1 m) thick, is generally sub~
parallel bedded, contains shale clasts, wood chip and
organic debris imprints along bedding planes, and has a
rooted zone at the top, Modern splay deposits form where a
natural levee bordering a fluvial channel is breached during
a flood. Sediment-laden water flows through the crevasse,
spreads out in the low interchannel area, and deposits the
sediment in a broad sheet.
The overbank facies is similar to the splay facies, but
the sandstone deposits do not coarsen upward. It consists
of gray shale interbedded with subparallel thin beds of very
fine-grained sandstone, and is rooted. The overbank facies
is as much as 30 feet (9.3 m) thick. Modern overbank
deposits form when a river overflows its banks during a flood
and a levee is not breached.
The tidal flat/marine bayfill splay facies consists of
medium-grained sandstone, brown shale, and gray shale that is
subparallel bedded to wavy laminated, contains wood chip and
organic debris imprints along bedding planes, is rooted at
some horizons, and is highly burrowed by a variety of trace
fossils including Rhizocorallium, Thalassinoides, Planolites,
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Figure l4--Sandstone and shale interbeds in the
splay facies and gray to brown shale and coal in the
well-drained to poorly drained swamp facies of the
lower member of the Vermejo Formation, Section B~2,
unit 3. View to the west with the Wet Mountains in
the background.
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Diplocriterion, and Cylindrichnus. The rooted, wavy-bedded
sediments are similar to the supratidal deposits described
by Reineck and Singh (1975, p. 356 and p. 371).
In some places this facies consists of thin sandstone
and shale interbeds that are transitionally overlain by
coarse- to medium-grained sandstone. This facies is gener-
ally subparallel bedded with occasional trough crossbedding
and bimodal tabular-planar crossbedding. It contains abun-
dant burrows along some horizons, and varies from 2 to 26
feet (0.6 to 7.9 m) thick. Some units are overlain by a
thin shale that is sharply overlain by the next sandstone
unit. These are interpreted as splay deposits that succes-
sively filled marine bays. Where they were exposed above
water level they may have served as tidal flats marginal to
a bay and formed the observed bimodal tabular-planar cross-
bedding.
The bay or lake facies consists of gray, subparallel
laminated shale that is not rooted. No trace fossils nor
invertebrate fossils were seen in the shale. Where the shale
is directly overlain or underlain by fossil-bearing sedi-
ments it is interpreted as a marine bay deposit in which
trace fossils were not visible in the homogeneous shale and
in which invertebrate fossils have been leached away. Where
the shale is not directly overlain nor underlain by fossil-
bearing sediments it is interpreted as a lake deposit.
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The well drained swamp facies consists of gray shale
that is subparallel laminated and rooted. It is similar to
modern gray clays deposited in well drained swamps as
described by Coleman (1966).
The poorly drained swamp facies consists of rooted brown
shale and coal. Modern deposits of poorly drained swamps
near the Mississippi River are described by Coleman (1966)
and are discussed as they relate to the formation of economic
coal deposits by weimer (1977).
The strata comprising the lower member of the Vermejo
Formation are interpreted as lower delta plain deposits for
the following reasons: 1) they overlie delaic deposits,
2) the presence of Teredolithos in the channel deposits and
the presence of the tidal flat facies indicate that the
strata were deposited within the limit of tidal inundation;
and 3) many gray shale deposits are present in the lower
member. Although no trace fossils nor invertebrate fossils
were found within the shales, some of the shales may have
been deposited in marine bays in the lower delta plain.
Rockvale Member
The marine sandstone that occurs near the middle of the
Vermejo Formation was named the Rockvale Sandstone Member by
Lee (1917, p. 168). Field examination during this study
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documents that a marine shale underlies the marine sandstone
in the northeastern portion of the area. As this marine
shale is considered to be genetically closer to the marine
Rockvale Sandstone Member than to the nonmarine lower member,
the marine shale and sandstone are considered to be a com-
bined unit that is here referred to as the Rockvale Member.
The basal marine shale facies is referred to as the Lower
Rockvale Member and six overlying marine sandstone facies
are referred to as the Upper Rockvale Member. The facies
descriptions are summarized in Table 4. Lee (1917, p. 168)
described the marine invertebrate fossils that he found
within the Rockvale Member.
The basal facies of the Rockvale 11ember consists of
o to 77 feet (0 to 23 m) of gray shale that is silty and
sandy, with fine-grained sandstone interbeds up to 2 feet
(0.6 m) thick, organic debris imprints along bedding planes,
and abundant burrows. Burrows include Thalassinoides,
Cylindrichnus, Arenicolites, Chondrites, and miniature
Ophiomorpha. This shale is present only in the northeastern
half of the Canon City coal field and is interpreted as a
shallow marine deposit. The distribution of the shale was
bathymetrically controlled, with deposition occurring only
below storm wave base. As a result, a shoreline trend can
be interpreted from the isopach of the Lower Rockvale
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Member, especially at the wedge edge. The isopach map shown
in Figure 15 indicates that the trend of the paleoshoreline
was oN. 45 w.
At the base of the shallow marine shale at Section B-13
(Pl. 3) is a local transgressive lag deposit. It consists
of medium-grained sandstone that is highly burrowed and
locally subparallel laminated; contains wood chip and organic
debris imprints and asymmetrical ripples; and is burrowed by
Cylindrichnus, Planolites, Thalassinoides, and Arenicolites.
This is the only deposit seen in the study area that was
interpreted as a transgressive marine deposit. Ryer (1977,
p. 184; 1981a, p. 3) discusses reasons for the lack of
preservation of transgressive deposits.
The Upper Rockvale Member consists of six marine sand-
stone facies that were deposited in lower, middle, and upper
shoreface, foreshore, tidal channel, and estuary environ-
ments. The basal facies in the Upper Rockvale Member is
composed of 0 to 45 feet (0 to 14 m) of fine-grained sand-
stone that is subparallel bedded to hummocky bedded. It
contains generally one-foot (0.3 m) thick concretions along
some horizons, organic debris imprints along bedding planes,
load casts, and low relief scour surfaces between sets of
strata that are as much as 6 feet (1.8 m) thick. The sets
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including Ophiomorpha, Thalassinoides, Cylindrichnus,
Arenicolites, Chondrites, Planolites, Skolithos, and
Arthrophycus. This facies is laterally extensive and is
interpreted as a lower shoreface deposit. The fine-grained
sandstone is similar to the lower delta front deposit of
the Trinidad Sandstone, but is generally more subparallel
laminated than hummocky bedded. The shoreline deposits of
the Rockvale Member would be expected to have had a lower
sedimentation rate than the deltaic deposits of the Trinidad
Sandstone because they were farther from distributary
channels, which are the primary source of sediment in these
marine settings.
The lower shoreface deposit is overlain by 0 to 55 feet
(0 to 17 m) of coarse-grained sandstone, which was measured
at 7 locations. The sandstone fines upward to shale in 0.2
to 3 feet (0.06 to 0.9 m) thick sets of strata. The sets
have scour bases that cut out the fine-grained sandstone
and shale of the underlying unit; they are parallel laminated
to hummocky bedded; and they contain concretions up to 2
feet (0.6 m) thick at the base of some troughs. Burrows are
abundant, especially at the tops of sets of strata (Figs.
16 and 17), and include Ophiomorpha, Trichichnus, Arenico-
lites, Thalassinoides, Diplocriterion, and Planolites.




appearance of the middle shoreface facies (MS)
and massive appearance of the upper shoreface
facies (US) of the Upper Rockvale Member, Section
B-19, units 2 and 3. View to the northwest.
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Figure l7--Subparallel to hummocky bedding and
abundant Trichichnus at the tops of beds in the




Except for the coarse-grained texture, this middle
shoreface unit is similar to the hummocky-bedded lower
delta front deposit of the Trinidad Sandstone. The coarse-
grained sandstone may have been deposited from suspension
by storm-generated density currents as described by Hayes
(1967) and Walker (1979, p. 79-82). The increasing coarse-
ness of the grain size represented by the transition from
the lower shoreface to the middle shoreface deposits may
indicate that the source of the sediment changed from the
distant sevier Orogenic Belt in Utah to nearby uplifts. The
combined thickness of the lower and middle shoreface deposits
of the Rockvale Member (100 feet; 31 m) is equal to the
thickness of the lower delta front deposits of the Trinidad
Sandstone.
Overlying the middle shoreface deposit described above
is a 0 to 60 foot (0 to 18 m) thick coarse- to medium-grained
sandstone (Figs. 16 and 18). It was measured at 5 locations
and consists of 0.5 to 5 feet (0.15 to 1.5 m) thick trough
crossbeds within wedge-planar beds. It contains concretions
up to 2 feet (0.6 m) thick and abundant Ophiomorpha,
Arenicolites, and Thalassinoides at some horizons. This
unit is interpreted as an upper shoreface and foreshore
deposit, and is similar to the upper delta front deposit of
the Trinidad Sandstone. The foreshore sediments of modern
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Figure l8--Trough-crossbedded upper shoreface facies of the
upper Rockvale Member, Section B-5c, unit 2.
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shorelines consist of parallel laminae which dip seaward.
Sets of these gently dipping sediments are separated from
each other by angular discordance surfaces, and are depos-
ited in the zone between low and high tide levels (Reineck
and Singh, 1975, p. 301-304). In this study the foreshore
sediments were present but were not distinguished from upper
shoreface deposits due to their poor preservation or lack of
outcrop.
In erosional contact with the lower, middle, and upper
shoreface deposits are two generally poorly exposed facies
that were measured at 5 locations (Figs. 19, 20, and 21;
Pl. 3). One facies consists of 0.5 to 3 foot (0.15 to 0.9 m)
thick sets of coarse-grained sandstone that fines upward to
shale. Sedimentary structures observed are polymodal scour-
and-fill trough crossbeds and local subparallel beds that
are both within larger-scale accretionary beds. Concretions
up to 1 foot (0.3 m) thick occur at some horizons and
Ophiomorpha and Trichichnus occur dominantly at the tops of
units. This is interpreted as a tidal channel facies.
In some areas the tidal channel facies and shoreline
facies are replaced by an estuary facies. This facies is
composed of gray to brown shale that contains coarse- to
fine-grained sandstone interbeds that are subparallel bedded























































































struc.tures within larger scale
accretionary bedding in the tidal
channel facies of the Upper Rockvale
Member. Near Section B-9, unit 3.
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Figure 2l--Tidal channel facies (TC) cutting out
part of the middle shoreface facies (MS) in the
Upper Rockvale Member, Section B-9, units 2 and 3.




fragments along bedding planes. This facies is poorly
exposed, and in the cross sections (Pl. 2 and 3) it is
combined with the tidal channel facies and referred to as
the tidal channel-estuary facies. The term estuary is used
in the general sense of Hayes and Kana (1976, p. I-55) to
denote tidal flats, small deltas, marshes, and bays or lagoons
associated with a tidal channel. The tidal channel-estuary
facies is similar to the modern tidal channel and estuary
deposits described by Reineck and Singh (1975, p. 363-366).
In this study the tidal channel facies was distinguished
from a distributary channel facies by its accretionary
bedding. Horne and others (1980, p. 10) differentiate
between tidal channel and distributary channel facies by
their associated levees: distributary channels have coarse-
grained levee deposits and tidal channels have fine-grained
levee deposits. This occurs because distributary channels
reach their overbank stage during floods, when currents are
at a maximum velocit~ and tidal channels reach their over-
bank stage at high tide, when currents are at a minimum
velocity. This criteria could not be used in this study
because levee deposits were poorly preserved and not
recognizeable in the outcrops.
The tidal channel facies was distinguished from a tidal
inlet facies on the basis of the direction of dip of the
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accretionary bedding. In all of the measured sections in
which accretionary bedding was seen (Sections B-9, B-ll,
B-14, Pl. 3) the bedding dipped toward the northwest,
suggesting a migratory tidal inlet in that direction. How-
ever, accretionary bedding is deposited on the updrift
margin of tidal inlets (Reading, 1978, p. 153) 50 a tidal
inlet interpretation of this facies requires that the
longshore drift direction of the epicontinental sea was
toward the north in this area. Although a local northward
direction of longshore drift is possible, it is opposite to
the southward longshore drift direction determined for the
seaway by Kent (1968). Based on this information, the accre-
tionary bedding is interpreted to have b~en deposited by
meandering tidal channels.
In the area where the tidal channel-estuary facies was
measured, coal in the Pine Gulch coal bed, which directly
overlies the Rockvale Member, is thin or absent (Appendix A,
p.95). This area coincides with an area of anomalously
thin sandstone in the upper Rockvale Member (Fig. 22) that
may be caused by the presence of the shaly tidal channel~
estuary facies. Using these relationships as a guide, the
extent of the tidal/channel-estuary facies is interpreted
and shown on the schematic diagram of the paleoenvironmental
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Figure 22--Isopach map of
the Upper Rockvale Member
sandstone showing the
interpreted extent of the
tidal channel-estuary
facies (contour interval











'" .at. ..l&.. ... '*- '"
:K.
base of outcrop of... :It Vermelo formation
N In the Canon City
I "'- coal field"'" .... ....
Figure 23--Schematic diagram of the interpreted
paleoenvironmental setting near the end of deposition
of the Rockvale Member of the Vermejo Formation.
Deposits of the river channel and tidal inlet facies




Four sections were measured in the upper member of the
Vermejo Formation (Pl. 2). The upper member consists of the
same nonmarine and marginal marine facies as the lower
member, but the tidal flat/marine bayfill splay facies is
better exposed in the upper member (Figs. 24-27). In the
upper member, unlike in the lower member, this facies
generally contains concretions and forms ledges due to cemen-
tation. Bioturbation is difficult to detect in some deposits
due to intense cementation.
The part of the upper member that includes tidal flat/
marine bayfill splays is interpreted as the part of the
section that was deposited in the lower coastal plain
environment, below the limit of tidal inundation. The part
of the section that is above these marginal marine environ-
ments is interpreted as deposited inland from tidal influ-
ence, and therefore in the upper coastal plain-fluvial
environment.
The upper member is 290 to 420 feet (88 to 128 m) thick
and is conformably overlain by cliff-forming nonmarine







































































































































































































Figure 25--A closer view of the persistent
splay facies in the northern part of the
coal field. The facies is underlain and
overlain by shale. Section A-7, unit 9.
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Figure 26--A closer view of the
persistent splay facies in the north-
central part of the coal field, near
the town of Rockvale. Section A-6,




Figure 27--Burrowed sandstone in the west part of
the study area that is at about the same strati-
graphic level as the persistent splay facies.
Section A-lOa, unit 17.
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SYNDEPOSITIONAL FAULT BLOCK MOVEMENT
Fault block movement immediately prior to and during
deposition of the Rockvale Member of the Vermejo Formation
has been inferred in this study from four lines of evidence.
They are: 1) an angular unconformity at or near the base
of the Rockvale Member; 2) thickness variations within a
chronostratigraphic unit that contains the Rockvale Member;
3) local thinning of genetic units within the Upper Rockvale
Member; and 4) sandstone dikes below the Rockvale Member.
These lines of evidence will be discussed in the following
paragraphs.
An angular unconformity of 1 to 2 degrees is present
within the marine shale of the Rockvale Member of the
Vermejo Formation in the northern part of the study area
(Fig. 28). An angular unconformity of the same magnitude
is also visible in the central part of the study area (Fig.
29); at this location marine shale and sandstone of the
Rockvale Member overlie slightly tilted nonmarine strata of
the lower member of the Vermejo Formation. The angular un-
conformity in the central part of the study area may be con-
sidered a disconformity that formed during the transgression
of the Late Cretaceous shoreline; however, the presence of
the angular unconformity at the same stratigraphic level in
T-2630
Figure 28--Angular unconformity in the sandy and
silty marine shale of the Lower Rockvale Member of
the Vermejo Formation; in the northern part of the
coal field. Section B-18, unit 3.
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Figure 29--Angular unconformity between the marine
shale of the Lower Rockvale Member and the non-
marine coal-bearing lower member of the Vermejo
Formation; in the central part of the coal field.
Section B-13b, units 3, 4, and 5.
62
T-2630 63
two outcrops suggests that it formed at both locations by
the same mechanism. Because the presence of the angular
unconformity within marine shale in the northern part of
the study area cannot be explained by transgression of the
Late Cretaceous shoreline, the angular unconformity is
attributed to fault block movement. According to this
interpretation, relative upward movement on a basement
fault block could have caused drape folding of the overly-
ing strata and associated tilting and beveling of the strata.
An interesting theory resulting from this interpretation
is that fault block movement may have influenced the fourth-
order transgression and regression of the Cretaceous shore-
line represented by the Rockvale Member. Ryer (1981a) lists
five processes that could produce transgressions and regres-
sions of the magnitude represented by the Rockvale Member
(Table 1), and it is possible that fault block movement near
a shoreline represents a sixth process. Fault block movement
could locally increase or decrease the elevation near the
shoreline and result in shifting the position of the paleo-
shoreline in a seaward or landward direction. The angular
unconformity visible in the two outcrops formed at a time
of maximum transgression (Pl. 3) suggesting that the
associated fault block movement may have caused, at least
in part, a fourth-order regression of the shoreline in the
Canon City area.
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A second line of evidence that fault block movement
occurred during deposition of the Vermejo Formation is
provided by thickness variations within the strata. The
variation in the thickness of sediments deposited between
two isochronous units can reveal the paleotopography at the
time of their deposition if the effects of differential
compaction and low angle faulting can be discounted
(Sonnenberg and Weimer, 1981, p. 6-7). In general, thicker
sediment accumulates in low areas and thinner sediment
accumulates in high areas. In this study, correlation of
the coal beds revealed thickness variations between the two
isochronous units represented by the Monarch coal bed and
the top of the Rockvale Member or base of the Pine Gulch
coal bed. The isopach of the chronostratigraphic interval
(Fig. 30) shows east-wes~_trendjng thickness variations.
The interval varies in thickness from 127 to 246 feet (39
to 75 m).
The fault-block-controlled topography interpreted from
Figure 30 is shown schematically in Figure 31. Movement on
the fault blocks probably occurred in separate small events
so that topographic relief at anyone time was small. The
strata within the chronostratigraphic interval were probably
drape folded at the margins of basement fault blocks, in
keeping with the structural style of this area, and beveled
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the locations of the
interpreted fault blocks
shown in Figure 31.
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Figure 30--rsopach map of the chronostratigraphic
interval between the top of the Monarch coal bed and
















III Identifying number of Interpreted fault block
Top of fault block Is essentially horizontal
Top of fault block tlfts downward toward the west
Figure 3l--Schematic diagram of the interpreted
differentially-uplifted basement blocks responsible
for paleostructure on top of the Monarch coal bed.
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by erosion over uplifted blocks. If the sediments were
drape-folded! the greatest dip of the sediments would have
been in the northwestern part of the study area (Fig. 30)
where the sediments apparently dipped 80 feet per mile
(1.5 m per km), which is less than one degree.
The east-west orientation of the fault blocks shown
in Figure 31 contrasts with the northeast-trending struc-
tures shown on the structure contour map drawn on top of
the Rockvale Member or base of the Pine Gulch coal bed
(Fig. 5). The change in orientation suggests a change in
the direction of tectonic stress after deposition of the
Rockvale Member that may have been Laramide or post-Laramide
in origin.
The southwestward thinning of the chronostratigraphic
interval in the south-central part of the coal field (Fig.
30) is interpreted to be the result of differential compac-
tion between the sandstone of the Rockvale Member and the
shale, coal, and sandstone landward of the Rockvale Member.
Differential compaction occurs because clays and peat lose
more interstitial water after deposition and occupy less
volume than sand. The interpretation that the northwest-
trending isopach lines of the chronostratigraphic interval
are due to differential compaction is supported by the
northwest paleoshoreline trend of the Rockvale Member (Fig.
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15) and the proximity of the zero isopach of the Upper
Rockvale Member sandstone (Fig. 22).
A third line of evidence indicating fault block move-
ment during Vermejo time is provided by thinning and conver-
gence of the middle shoreface, upper shoreface, and foreshore
units between Sections B-14 and B-19 (Pl. 3). The thinning
and convergence may have been caused by nondeposition or
submarine beveling of sediments on an uplifted fault block
in this area. The orientation of this interpreted fault
block is unknown.
The fourth line of evidence for fault block movement
during deposition of the Vermejo Formation is provided by
sandstone dikes in the lower member. The sandstone dikes
(Fig. 32) were injected into shale from an underlying non-
marine channel sandstone. They probably formed before the
sandstone was lithified, while it was undergoing partial
dewatering during early compaction. The sandstone dikes
may have followed tension cracks that were formed by
Cretaceous movement on a fault that is located about 500
feet (153 m) away (Fig. 33). The tension cracks may have
developed immediately prior to or during deposition of the
Rockvale Member as a result of differential movement on
basement fault blocks at depth. Movement on the fault
blocks may then have been recurrent after deposition of the
T-2630
Figure 32--Sandstone dikes extending from sand-
stone of the channel facies up into shale of the
tidal flat facies; in the lower member of the













































































































Rockvale Member, resulting in the presently-observed offset
of the Rockvale Member by about 20 feet (6 m).
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ECONOMIC GEOLOGY
Commercial mining of coal in the Canon City coal field
began in 1873, for use by trains of the Denver and Rio Grande
Railway (Lee, 1917, p. 17). Presently most of the coal is
mined for use in two steam-generated electric power plants:
one in Canon city and one in Colorado Springs. Boreck and
Murray (1979) report 177 inactive and active mines in the
coal field on record with the Colorado Division of Mines.
Five mines were active in 1981, with production of 342,961
short tons (Colorado Department of Natural Resources,
Division of Mines, 1981).
The coal is high-volatile C bituminous in rank, low in
sulfur, and noncoking (Keystone, 1981, p. 512). Many of the
coal beds in the coal field are lenticular and cannot be
correlated with certainty beyond an area of one square mile
(2.6 sq. km). Consequently, the total number of coal beds
is unknown, but it exceeds 20.
In this study, 12 previously mined or presently mined
coal beds were identified, although other coal beds may be
thick and potentially economic. The relative stratigraphic
positions of the 12 coal beds are shown in Figure 2 and on
Plates 2 and 3. An isopach map of the total coal thickness
in each of the 12 coal beds is in Appendix A, although an
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exception was made for the Radiant coal zone. In many places
the Radiant zone is a single bed and in some places it con-
sists of three coal beds. An isopach map was made of the
total thickness of the three beds in the Radiant coal zone,
rather than of a single bed, because all three of the coal
beds of the zone have been strip mined in T. 20 S., R 69 W.,
Sections 6, 7 and 18.
The isopach maps in Appendix A were based on drill hole
data, mine data from Washburne (1910), measured sections of
this study, and mine data on file with the Colorado Division
of Mines. Mine locations shown on the isopach maps were
taken from maps prepared by Meyers and others (1981).
The coal isopach maps show that the coal beds in the
lower member of the Vermejo Formation and the Pine Gulch
coal bed of the upper member are the thickest and most
laterally extensive in the coal field. Some of these coal
beds underlie as much as 43 square miles (111 sq. km) and
are as much as 11 feet (3.3 m) thick. Coal beds in the
upper member of the Vermejo Formation, with the exception
of the Pine Gulch coal bed, are generally thin and lenti-
cular, but are locally thick. They underlie as much as 9
square miles (23 sq. km) and are as much as 7 feet (2.2 m)
thick.
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The Raton Formation was not examined in detail during
this study, but cross section A-A' (Pl. 2) shows that it
contains coal. No coal from the Raton Formation has been
mined in the Canon City coal field in contrast to the
commercial coal of the York Canyon mine, about 100 miles
(160 km) south of the Canon City coal field, in the Raton
Formation in the Raton basin. However, one or more of the
coal beds in the Raton in the Canon City area may be of
commercial quality, thickness, and extent.
The specific depositional environments of the 12 mined
coal beds, except the Pine Gulch coal bed, are not well known
because of poor exposures of the coal-bearing rocks. The
extensive Pine Gulch coal bed is an exception in that it is
known from this study to have been deposited above and lateral
to the prograding shoreline deposit of the Rockvale Member
in a manner similar to that described by Ryer (198lb) for
coal in the Cretaceous Ferron Sandstone in Utah (Fig. 34).
The general depositional setting of the other coal beds is
known and from this the specific depositional settings can be
speculated.
The extensive coal beds in the lower member of the
Vermejo Formation (the Rockvale, Monarch, and Radiant coal
beds) may have been associated with the landward edge of pro-








~ Coal-formIng peat deposit of .wamp
~
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The time lines schematically shown within the marine sandstone
illustrate the seaward accretion of the regressive marine sand.
As the marine sand advances seaward, the coal-forming swamp follows.
Because the swamp continues to deposit peat at its original position,
the resulting peat deposit is thickest at the landward edge of the
marine sandstone.
Formation of thick peat deposits by this process is probably
aided by the greater differential compaction of shale and peat versus
sand at the landward edge of the marine sandstone. The formation of
thick peat deposits above the regressive marine sandstone may be
aided by sea level rise during seaward accretion. which would allow
a greater volume of peat .to accumulate below the rising water table.
Figure 34--Schematic diagram illustrating the formation
of the laterally extensive Pine Gulch coal bed (modified
from Ryer, 1981b).
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Pine Gulch coal bed. The lenticular coal beds in the lower
member (the Magnet, Nonac, and Jack O'Lantern coal beds)
may have been deposited at the tops of bayfill sequences of
the lower delta plain as described by Baganz and others
(1975) for modern deposits of the Mississippi delta plain.
It might be expected that thick, extensive coal beds
would have formed at the landward edge of the marginal
marine facies of the upper member of the Vermejo Formation;
however, the upper member contains only lenticular coal beds
such as the Chandler coal bed. The lack of extensive coal
beds may be due to syndepositional structural movement that
inhibited factors (Table 5) favorable to the formation of
commercial thicknesses of coal. For example, fault block
movement may have lowered an area and an influx of clastic
sediments may then have filled in the swamp; or fault block
movement may have raised an area and the swamp may then have
been well drained and too oxidized to accumulate peat.
The upper coastal plain-fluvial setting of the upper
member of the Vermejo Formation contains lenticular coal
beds (the Shamrock-Vento, Brookside, Brilliant-Manley, and
Mountain View coal beds). These lenticular coal beds formed
in a setting where there is a dominance of channel deposits
and their associated splays (Pl. 2). The swamps were able
to accumulate thick deposits of peat only in isolated areas
T-2630
TABLE 5
Conditions necessary for the formation of economic
coal beds (from Weimer, 1977):
1. Fresh, clear water
2. Accumulation of land-derived organics only
3. Balance between the ground water table and the
depositional interface
4. Favorable climate
5. Persistence of conditions in time and space
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of unpredictable location before partial or complete
infilling by clastic sediments. This is consistent with
the model of Ferm and Cavaroc (1968) (Fig. 35) determined
in rocks that had a similar general depositional environ-
ment.
The isopach maps of the coal beds in the upper member
of the Vermejo Formation (Appendix A) show a lack of coal in
the central part of the coal field. The coal occurs either
in the northern or southern part of the area. This suggests
that syndepositional fault block movement inhibited the
formation of commercial thicknesses of coal in a broad area
in the central part of the coal field during deposition of
the upper member. However, only those coal beds were
isopached that could be identified as previously or presently
mined. The lack of isopached coal beds in the central part
of the coal field may reflect the lack of mining activity
in that area rather than a lack of coal.
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Figure 3S--Schematic diagram of the depositional setting
of lenticular, locally thick coal beds in the upper




The following statements summarize the major conclusions
of the investigation.
1. The marine Trinidad Sandstone was deposited in lower
delta front, upper delta front, distributary mouth bar
and distributary channel environments of a wave domi-
nated delta.
2. The marine and nonmarine Vermejo Formation is divided
into a lower member and an upper member by the marine
Rockvale Member. The lower member and upper member both
consist of nonmarine and marginal marine facies which
were deposited in the lower delta plain, lower coastal
plain, and upper coastal plain-fluvial settings. The
Rockvale Member is composed of a lower marine shale,
called the Lower Rockvale Member, and an upper marine
sandstone, called the Upper Rockvale Member. The Upper
Rockvale Member consists of lower, middle, and upper
shoreface and foreshore facies that were eroded and re~
placed by a tidal channel-estuary facies in an area of
about 10 square miles (26 sq. km).
3. The trend of the thickness and wedgeout of the Lower Rock-
vale Member marine shale indicates a paleo shoreline trend
of N. 45' w.
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4. Syndepositional structural movement is inferred from
a) an argular unconformity at or near the base of the
Rockvale Member of the Vermejo Formation, b) thickness
variations within a chronostratigraphic unit that con-
tains the Rockvale Member, c) local thinning of shore-
line facies within the Upper Rockvale !1ember, and d)
sandstone dikes below the Rockvale Member.
5. The angular unconformity that is inferred to have been
caused by fault block movement is known by stratigraphic
evidence to have formed at a time of maximum trans-
gression during a fourth-order depositional cycle. This
suggests that local fault block movement near a shore-
line may be a process that, at least in part, caused a
fourth-order regression of the shoreline in the Canon
City area.
6. An isopach map of a chronostratigraphic interval that
contains the Rockvale Member indicates that six east-
west oriented fault blocks were active during deposition
of sediments deposited during that interval. Movement
on the fault blocks and the resultant beveling of drape-
folded strata over differentially uplifted blocks
resulted in the erosion of up to 80 feet (24 m) of
strata, including the Radiant coal zone, in the northern
part of the coal field.
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7. A structure contour map drawn on top of the Rockvale
Member or base of the Pine Gulch coal bed shows gener-
ally northeastward-trending structures. The change in
the orientation of fault block boundaries from east~est
to northeast-trending suggests a change in the direction
of tectonic stress after deposition of the Rockvale
Member that may have been Laramide or post-Laramide in
origin.
8. The Pine Gulch coal bed is laterally extensive and is
thickest at the landward edge of the marine Rockvale
Member.
9. Coal beds in the lower member of the Vermejo Formation
and the Pine Gulch coal bed of the upper member are the
thickest and most laterally extensive in the coal field.
Some of these coal beds cover as much as 43 square miles
(Ill sq. km) and are as much as 11 feet (3.4 m) thick.
10. Coal beds in the upper member of the Vermejo Formation,
excluding the Pine Gulch coal bed, are generally thin
and lenticular, but some cover as much as 9 square
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APPENDIX A
Isopach Maps of Mined Coal Beds














Isopach map of the total coal
thickness of the Rockvale coal
bed in the lower member of the














Isopach map of the total coal
thickness of the Magnet coal















! ~1llU3Isopach map of the total coal
thickness of the Nonac coal











Isopach map of the total coal
thickness of the Monarch coal










Isopach map of the total coal
thickness of the Radiant coal
















'f-I _~'---- ..... KLOY£fEJtl
o i __u.
Isopach map of the total coal
thickness of the Jack O'Lantern
coal bed in the lower member of
the Vermejo Formation
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Isopach map of the total coal
thickness of the Pine Gulch coal






















Isopach map of the total coal
thickness of the Chandler coal
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Isopach map of the total coal
thickness of the Shamrock-Vento
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Isopach map of the total coal
thickness of the Mountain View








Locations and Descriptions of Measured Sections
The measured sections shown on Stratigraphic Cross-
sections A-A' and B-B' (PIs. 2 and 3) are described on the
following pages. Where the same section is contained in
both Cross-section A-A' and B-B', A-A' contains the upper
part of the section, above the Rockvale Member, and B-B'
contains the lower part of the section, below and including
the Rockvale Member; the entire section as measured is
described under its A-A' identification number.
The location of each measured section given here is
more detailed than that shown on Plate 1. On the detailed
locations, x indicates a vertical section in a strip mine
highwall and the numbers shown refer to the unit numbers of
the measured sections.
The starting elevation and location given for each
measured section was taken from the topographic map. Units
comprising each measured section were numbered from oldest
to youngest, and the depositional environment interpreted
for each unit is stated at the end of each description. The
following abbreviations were used:





FHL = from west line (of the section)
FEL = " east "
FNL = " north "
FSL = " south "
















Location: In good canyon exposures in SE
Sec. 5, T.ZOS., R.69W. Starting about 10 feet
above creek bed at bend in creek, 1100' FSL,
1000' FEL Sec. 5, elev. 5560.
Description
Trinidad Sandstone
Sandstone, fg and occasionally mg, sub-
parallel to hummocky bedded, shale clasts up
to 0.1' along bedding planes, load casts at
some horizons, concretions generally l' thick
at some horizons, symmetrical ripple marks
near the middle of unit and asymmetrical
ripple marks near the top with their crests
oriented parallel to the axis of low angle
trough crossbeds, burrows include
Planolites, Chrondrites, O~hiomorpha and
Arenicolites. Covered in 1 foot interval
near top, persistent ledge at top. Lower
delta front.
Pierre Shale
Shale, sandy, with fg sandstone interbeds
0.1 to l' thick, subparallel to hummocky
bedded, local load casts, organic debris
imprints and shale clasts along bedding
planes, Cylindrichnus and Arenicolites
oriented perpendicular to bedding and
Thalassinoides oriented perpendicular and
parallel to bedding. Prodelta.
SECTION A-3
Location: In good canyon exposures in SW
Sec. 5 and NE Sec. 7, T.ZOS., R.69W. Start-
ing at persistent ledge near middle of




Sandstone, mg and minor fg, high angle
trough crossbedded in wedging Z' sets,

















locally contains Ophiomorpha, Dialocri-
terion, and Arenicolites oriente parallel
to bedding. Walked up creek following this
unit to get a more complete thickness for
this unit. Upper delta front.
Sandstone, fg to mg, subparallel to hummocky
bedded, load casts at some horizons, organic
debris imprints and shale clasts locally
along bedding planes, interference ripple
marks locally present, locally abundant
Ophiomorpha oriented parallel to bedding and
Cylindrichnus, Thalassinoides, Arenicolites,
and miniature Ophiomorpha. Lower delta front.
Pierre Shale
Shale, brown, carbonaceous. Prodelta.
SECTION A-4 (Units 5-18)
SECTION B-ll (Units 1-6)
Location: In gully, west of old railroad
grade, in South 1/2 Sec. 1, T.20S., R.70W.
Starting at bottom of gully, 100' FEL, 2400'





Sandstone, cg, scour base, cuts more than
10' into underlying sediments to west. Chan-
nel.
Shale, gray, with subparallel thin interbeds
of vfg sandstone. Overbank or lake in well
drained swamp.
Shale, gray to brown, with mg sandstone sets
up to 6' thick which contain shale and silt-
stone interbeds in their bases and become
dominantly sandstone at their tops,
generally rooted at tops of sets, sub-
parallel thin bedded to ripple laminated,
load casts locally, organic debris and wood













topmost sandstone. Splays in well drained
to poorly drained swamp.
58 Covered
18
4 Sandstone, fg, scour base with l' relief,
overlain by l' gray shale. Channel.
8 Sandstone, fg, wood chip imprints in basal
1', rooted in top 2', overlain by 3' rooted
gray to brown shale. Channel.
Shale, gray, with l' brown shale, lenticu-
lar fg sandstone, and rooted zone near




6 Shale, gray to brown, containing 2' mg
grading up to cg sandstone, subparallel to
ripple laminated, forms small ledge that
extends at least 1/4 mile, wood chip
imprints along bedding planes and rooted in
top 0.5'. Splay in well drained swamp to
poorly drained swamp.
7 Sandstone, cg almost to top, fg in top 1',
rooted at top. Channel.
Shale, gray, sandy, poorly exposed. Well
drained swamp.
3




Shale, gray. Well drained swamp.
Sandstone, mg, rooted at top. Channel?
30 Covered
2 Coal, 0.8', weathered overlain by brown
to gray shale with organic debris imprints
along bedding planes. Poorly drained swamp.













Poorly exposed, apparently sandstone,
rooted in top 1'. Thickness of covered
interval estimated by comparison of thick-
ness of this unit in drill hole #74.
Sandstone, fg, low angle trough crossbedded
in larger NW dipping accretionary beds,
concretions up to l' thick at some
horizons, bioturbated in basal 4', 5' log
replaced by Teredolithos near base, load
casts at base, overlain by 0.5' to l' sets
of cg grading up to mg sandstone with scour
bases, 0rhiomorpha and Arenicolites
dominant y at tops of sets, other burrows
include Cylindrichnus and Thalassinoides.
Tidal channel estuary.
2+ Sandstone, fg, subparallel to hummocky
bedded, Thalassinoides oriented parallel to
bedding. Unit is cut out to west by over-
lying sandstone. Lower shoreface.
Lower Member
Shale, brown, with 1.1' coal in middle,
shale above coal is sandy, coal contains
Thalassinoides that extends down from over-
lying marine unit, coal is cut out to west
by overlying marine sandstone. Poorly
drained swamp.
Shale, gray, organic debris imprints along
bedding planes, with three sequences of fg
to mg sandstone and shale interbeds
becoming sandier at the top and containing
organic debris and wood chip imprints along
bedding planes, wavy laminated, top 3' of
unit is rooted. Splays in well drained
swamp.
3 Shale, brown, with 1.2' coal in the middle
part. Poorly drained swamp.
SECTION A-6 (Units 4-15)
SECTION B-15 (Units 1-4)
Location: In town of Rockvale in NW Sec.











R.70W. Starting at base of small bluff,













8 Sandstone, cg to mg, with transitional sand-
stone and shale interbeds at the base grad-
ing upward to sandstone, rooted throughout,
subparallel bedded, wood chip imprints and
shale clasts along bedding planes; and gray
to brown shale at base. Splays in well
drained swamp to poorly drained swamp.
2
Sandstone, fg, with sharp base. Channel.
Shale, gray to brown, with mg to fg sub-
parallel bedded sandstone interbeds up to
4' thick with transitional bases, rooted
at the top, and organic debris, wood chip
and fossil leaf imprints aiong bedding
planes. Splays in well drained swamp to
poorly drained swamp.
Sandstone, mg, subparallel bedded, with
Ophiomorpha, C~lindrichnus, and Teichich-
nus, and roote at top. This is a persis
tant sandstone ledge below a thick
nonfissile shale and is visually traceable
on the outcrop for about 3 miles. Bayfill
splay.
Sandstone, mg, subparallel bedded and
locally trough crossbedded, with transi-
tional base of sandstone and shale inter-
beds, underlain by 20' of gray to brown
shale, another transitional-based sand-
stone, and 0.7' coal with 0.1' thick pink
bentonite layer at top of coal. Splays in






















Sandstone, mg, with scour base, fines
upward, rooted in top 4'. Channel.
Shale, gray to brown, containing several
fg to mg sandstone interbeds generally 2'
thick that are generally rooted at the top,
contain shale clasts along bedding planes
and concretions up to l' thick, and sharp
or transitional bases. Splays in well
drained swamp to poorly drained swamp.
Sandstone, mg, scour base, shale clasts
along bedding planes at base, rooted in top
1'. Channel.
Sandstone, mg, trough crossbedded to sub-
parallel bedded, scour base, overlain by
4' gray shale. Channel.
Sandstone, mg, trough crossbedded, sub-
parallel bedded near middle, scour base.
Channel.
Shale, gray to brown, with basal 1.5' coal
and 0.6 coal in middle part, fg sandstone
interbeds up to 2' thick. Splays in well





Shale, gray to brown, with cg to fg sand-
stone interbeds that are subparallel bedded
and contain wood chip imprints, shale




Sandstone, fg, subparallel to hummocky
bedded, scour surfaces separate sets up to
6' thick, sets burrowed at the tops of
units with abundant Ophiomorpha oriented
perpendicular and parallel to bedding and
Chondrites, Skolithos, Arenicolites,
ArthrothkcuS and a plant tossil with


















Shale, silty, and fg sandstone interbeds,
burrowed. Shallow marine.
SECTION A-7 (units 5-13)
SECTION B-16 (units 1-6)
Location: Near end of mesa, in SE Sec. 13,
T.19S., R.70W. Starting in gully with rock
wall laid at top of small sandstone bluff,




Sandstone, cg, scour base, forms prominent
cliff. Channel.
Shale, gray to brown, with subparallel
bedded mg sandstone interbeds up to l'
thick with transitional bases and
occasionally rooted at the top, and 0.4'
coal overlain by 0.1' bentonite layer.
Splays in well drained swamp to poorly
drained swamp.
5 Sandstone, cg grades up to mg, and wavy lam-
inated silty sandstone in sets 0.1 to 0.4'
thick, sets are trough cross bedded in lower
part of unit and subparallel bedded in top
3' of unit, weathered shale clasts and wood
debris imprints throughout, 0.1' rooted
zone at the top. Channel?
Shale, gray to brown; with thin coal beds
and with dominantly fg sandstone interbeds
up to 5' thick that are subparallel bedded,
contain organic debris imprints along
bedding planes, and are generally rooted at
the top. Splays in well drained swamp to
poorly drained swamp.
Sandstone, fg, a few burrows of Ophiomorpha
visible but difficult to see due to strong
cementation, contains iron-stained concre-
tions up to 5' thick which are carbonate-
cemented, wavy laminated in top I' and sub-
parallel laminated in basal 2', forms prom-
inent ledge that is visually traceable on
















Covered, weathered coal in slope near the
top.
4 Sandstone, fg, subparallel to wavy lamin-
ated, contains carbonate-cemented concre-
tions, Ophiomorpha, caps a ledge. Bayfill
splay.
Shale, gray to brown, locally sandy, and
a thin local bentonite layer above 0.6'
coal. Well drained swamp to poorly drained
swamp.
8 Covered.
Sandstone, mg, subparallel to trough cross-
bedded, with shale at the tops of sandstone
sets that is sharply overlain by sandstone,
brown cement horizons and rooting at tops
of some sandstone units, highly burrowed
along some horizons by Cylindrichnus, Diplo-
criterion, Arenicolites, 0thiOmorpha, Tha
lassinoides, and Rhizocora lium. Tidal
flat!bayfill splay.
2 Coal, 1.1' thick, overlain by 0.01' clay-
stone that is probably bentonite, underlain
by l' brown shale. Poorly drained swamp.
Pine Gulch coal bed.
1
Rockvale Member
Sandstone, cg, in two sets up to 8' thick
with scour bases, shale clasts along
bedding planes at base, rooted at top, and
up to 2' gray shale on top, poorly exposed.
Covered.
Tidal channel-estuary.
Sandstone, fg, hummocky bedded, friable.
Middle shoreface.
Sandstone, fg, subparallel to hummocky
bedded, with load casts, concretions up to
10' long, interference ripple marks, shale
clasts up to 0.1', and organic debris










Cylindrichnus, Planolites, Chondrites, and
Arenicolites oriented parallel and perpen-
dicular to bedding. Lower shoreface.
20+ Shale, silty, and fg sandstone interbeds
0.1' to 0.4' thick, organic debris imprints
along bedding planes, burrows include Ophio-
morpha, miniature Ophiomorpha, Thalass-
inoides, and Arthrophycus. Shallow marine.
SECTION A-lOa
Location: Near Alkali Gap in SE Sec. 17,
T.19S., R.70W. Starting on subdued ridge,
1800' FWL, 1850' FSL, elev. 5760.
Feet Description
Raton Formation




Sandstone; in lower part sandstone is mg,
subparallel bedded with abundant Ophio-
morpha oriented perpendicular to bedding;
in upper part sandstone is cg grading
upward to mg, trough crossbedded with scour
base, shale clasts up to 0.1' at base, and
Arenicolites and unidentified burrows
oriented dominantly parallel to bedding in
top 2'. Tidal flat /bayfi 11 splay.
100 Covered.
34+
15 Sandstone, cg fines up to mg, lenticular
shape, shale laminations, lacks burrows.
Channel.
20 Covered.
11 Sandstone, mg fines up to fg, scour base,
weathered shale clasts along bedding planes











5 Shale, brown, with 1.1' coal that is 2'
above base. Measured in old, partially over-




5 Shale, brown to black. Poorly drained swamp.
Rockvale Member
Sandstone, mg, fines upward to fg, in
hummocky bedded sets 1 to 2' thick becoming
subparallel bedded in top 2', rooted in top
0.5', Arenicolites. Upper shoreface and
foreshore.
Sandstone, fg, with cg fining upward to
fg in 1 - 2' thick sets with scour bases
and cg sandstone and shale laminations in
upper parts of sets, 0rhiomorpha oriented
perpendicular and para leI to bedding, Tha-




Shale, brown, grades up to wavy laminated
vfg sandstone with organic debris and wood
chip imprints along bedding planes,
Thalassinoides oriented parallel to
bedding. Tidal flat.
54 Covered.
15 Sandstone, cg fines upward to mg, trough
crossbedded, scour base, lenticular shape
about 400' wide, shale clasts and wood chip
imprints along bedding planes near base,
weaShered wood pieces 0.2' long aligned
N58 E, Teredolithos at top. Channel.
1+ Shale, brown. Poorly drained swamp.
71 Covered.
45 Shale, gray to brown; with mg to fg sand-
stone interbeds up to 3' thick, rooted at
top of one of them, subparallel to trough




















Splays in well drained swamp to poorly
drained swamp. Nonac coa~ bed.
Sandstone, fg grad~s up to vfg, scour base.
Channel.
Shale, gray to brown, with 0.7' thick coal
bed near top. Well drained swamp to poorly
drained swamp.
Sandstone, mg, fines upward, scour base,
shale clasts up to 0.1' near base, lenticu-
lar shape, concretions form crenulated bed-
ding. Channel.
Shale, gray to brown, and fg sandstone
interbeds up to 4' thick and 0.2' coal near
top. Splays in well drained swamp to poorly
drained swamp. Magnet coal bed.
Trinidad Sandstone
Sandstone, mg to fg, trough crossbedded
to subparallel bedded, scour base, lenticu-
lar shape, rooted in top 1', Cylindrichnus,
Arenicolites, and Ophiomorpha. Distributary
channel.
Sandstone, mg, with shale interbeds in
upper part and 5' gray shale at the top,
trough crossbedded in lower part and sub-
parallel bedded in upper part, lenticular
shape. Distributary channel.
SECTION A-lOb
Location: Near Alkali Gap in SE Sec. 17,
T.19S., R.70W. Starting in gully, 1900'





Shale, brown. Poorly drained swamp.
Trinidad Sandstone
Sandstone, mg, high angle trough cross-









3' relief on scour base, transported coal
in basal 5', jointed concretions up to 5'
thick, unit fines upward slightly, rooted
in top 1'. Distributary channel.
Sandstone, mg, subparallel bedded, lacks
trace fossils. Distributary mouth bar.
Sandstone, fg, shaly, irregular scour base,
subparallel bedded in 0.1 to 0.5' sets that
fine upward to shale at the tops, in upper
part alternating shale and sandstone inter-
beds each l' thick scour into underlying
beds, shale clasts along bedding planes up
to 0.1'. Unit is poorly exposed. Lower
delta front.
Pierre Shale
Shale, silty, and occasional interbedded
fg sandstone, subparallel bedded, organic
debris imprints and shale clasts along
bedding planes in sandstone interbeds, and
Cylindrichnus, Thalassinoides, and





















































Location: In bench highwalls in GEC strip
mine, NE Sec. 30, T.20S., R.69W. Starting at
lowest exposed level, 100' FNL, 2100' FEL








Shale, carbonaceous, overlain by 2.0' coal.
Shale, gray, with I' thick fg ss interbeds
in middle part, top 3' highly rooted.
Sandstone, mg, scour base, trough cross-
bedded in sets up to 0.5' thick.
Shale, dark gray, with 0.1' sandstone. Inter-
beds in middle part, top 2' highly rooted,
overlain by 0.4' coal.
Coal, 4.0', overlain by I' dark gray shale
and then 0.4' coal. Pine Gulch coal bed.
Lower Member
4 Shale, dark gray.
5 Sandstone, fg, up to 0.5' thick with 0.1'
thick shale interbeds, shale clasts.
14 Shale, dark gray.
3 Coal, 3.0'. Jack O'Lantern coal bed.
3 Sandstone, fg, in beds up to 0.5' thick,
highly rooted.
15 Shale, dark gray with sandstone laminations
and beds up to l' thick and organic debris
imprints along bedding planes.
1.5 Coal.
Splays in well drained swamp to poorly
drained swamp.
2 39 Sandstone, mg fines upward to shale at top,
rooted in top 3', with scour base, trough
crossbeds in sets l' to 2' thick,












Coal, 3.0, overlain by 3' dark gray carbon-
aceous shale. Thickness of shale varies due




Location: At highwall of inactive strip
mine, south of old railroad crossing at
Second Alkali Creek, NE Sec. 18, T.20S.,
R.69W. Starting at rubble above mined coal,




Sandstone, cg, scour base, trough crossbeds
in sets up to 4' thick near base,
Teredolithos at base, shale clasts up to 2'.
Channel.
8
Shale, brown, with coal stringers up to 0.1'
thick, and sandy shale near top. Laterally
equivalent to a channel sandstone deposit
50' away. Overbank or lake in poorly drained
swamp.
Shale, gray, and mg sandstone, in parallel
beds up to l' thick; shale clasts, organic
debris and wood chip imprints along bedding
planes; highly rooted in top 2'. Laterally
equivalent to a channel sandstone deposit
which contains Teredolithos.
Shale, gray, minor organic debris imprints
along bedding planes.
Proximal splay in well drained swamp.
5
SECTION B-5b
Location: At highwall of inactive strip
mine, near end of mine, NW Sec. 18, T.20S.,
R.69W. Nearby fault has relative displace-
ment of about 20 feet. Starting at rubble
























Sandstone, mg, high angle trough crossbeds,
scour base. Upper shoreface.
Lower Member
Shale, brown, carbonaceous, with lenticular
coal up to 0.2' thick near top. Poorly
drained swamp.
Sandstone, mg, lenticular sandy shale
layers up to l' thick near base and top.
Channel.
Shale, brown, carbonaceous. Poorly drained
swamp.
Sandstone, mg, shale clasts up to 0.5'
throughout unit. Channel.
7 Shale, gray in basal 1', 1.5' coal at 2'
level and brown to black carbonaceous shale
in rest of interval, rooted in basal 2',
organic debris imprints near base. Well
drained to poorly drained swamp.
5 Shale, gray, interlaminated with mg sand-
stone in basal 2'. Upper 3' composed of
mg sandstone with scour base, low angle
trough crossbedded to parallel laminated,
shale laminations, shale clasts, wood chip
and organic debris imprints and rooted in
top 1'. Splay.
SECTION B-5c
Location: At base of narrow, steep-walled
creek exposure at west end of inactive
strip mine, NW Sec. 18, T.20S., R.69W.
Starting at thin coal at base of sandstone
outcrop about 30' north of creek bed, 1100'



















4 Sandstone, mg, with gray shale interbeds
becoming sandier at the top, wavy laminated
to trough crossbedded, rooted throughout,
ripple marks, and wood imprints. Forms a
persistent ledge. Splay.
Sandstone and shale interbeds. Overbank or
lake in well drained swamp.
Sandstone, cg, clayey, load casts cause
erratic thicknesses in underlying coal,
lacks trace fossils. Channel.
4 Shale, brown, carbonaceous in basal 2' over-
lain by 2.4' coal. Poorly drained swamp.
Sandstone, cg grades up to fg, 0.1 to 0.2'
thick fg sandstone beds in top 1', highly
rooted in top 1'. Channel.
5




Sandstone, cg to mg in fining upward units
l' to 5' thick, high angle trough crossbeds
generally I' thick throughout in larger




Sandstone, mg, and gray shale, interbeds
0.01' to 0.3' thick, with shale laminations
and Thalassinoides and Cylindrichnus, under-
lain by l' brown, carbonaceous shale
containing 0.2' coal. Tidal Flat.
SECTION B-5d
Location: At highwall of strip mine, NW
Sec. 18, T.20S, R.69W. Starting at massive




















stone interbeds, in thin beds 0.1' to l'
thick, 0.1' coal at top, highly rooted
throughout interval, organic debris and wood
chip imprints. Sandstone dikes at base
oriented N.24W. and filled by cg sandstone,
from channel sandstone below, shale clasts
up to 0.4'.
Sandstone, mg, and shale, brown, carbon-
aceous, and gray shale. Basal 3' forms 2
small local ledges and is highly burrowed by
Rhizocorallium, Thalassinoides, Planolites,
and Diplocriterion and contains wood chip
and organic debris imprints. This sandstone
and upper thin sandstones are rooted; thin
coal at 12' level. Top 3' shaly sandstone is
burrowed by Thalassinoides and Cylindrichnus.
Tidal Flat.
Sandstone, cg becomes mg at top, scour
base, wood chip imprints, shale clasts,
Teredolithos near base. Channel.
Sandstone, cg, trough crossbedded, wood chip
imprints, shale clasts up to I' with l' gray
shale at the top. Channel.
SECTION B-6
Location: At highwall of inactive strip
mine, SW Sec. 7, T.20S., R.69W. Starting at
rubble above mined coal, 1800' FWL, 1900'




Sandstone, cg grades up to mg overall and in
1 - 2' thick sets, high angle trough cross-
bedded, shale clasts up to 0.5' at base of
some troughs, concretions up to 5', locally
abundant Ophiomorpha parallel to bedding.
Top 15' is poorly exposed, to alluvium.
Upper shoreface.
Sandstone, cg grades up to mg or fg or shale
















parallel laminated to hummocky bedded,
ophiomorfha dominantly parallel to bedding
but loca ly perpendicular to bedding, local
climbing ripples, shale clasts up to 0.5' at
base of some troughs. Middle shoreface.
Lower Member
Sandstone, cg grades up to mg. In basal 10':
trough crossbedded in sets up to 2' thick
with scour base, shale clasts up to 0.2'
along bedding planes in basal to middle
part, Teredolithos ..In top 12': shale and
sandstone interbeds, dominantly shale, with
shale generally 0.5' to l' thick and coal
stringer less than 0.1' thick in shale near
top, sandstone generally 0.2' to 0.4' thick,
with local I' to 2' thick sandstone lenses.
Abandoned channel-fill overlying active
channel-fill.
Shale, gray, abundant organic debris and
wood chip imprints, lack of burrows. Well
drained swamp.
3 Sandstone, fg, with less than 0.5' thick
shale interbeds in basal 1', shale clasts
near top, rooted in top 1'. Splay.
Shale, gray. Well drained swamp.
Shale, carbonaceous, brown, with 2.2' coal
at 1-3' level. Poorly drained swamp. Radiant
coal zone.
Sandstone, mg, and shale interbeds less than
0.1' thick grading upward to 3' fg sandstone
at top, rooted in top 0.5'. Splay.
Shale, gray. Well drained swamp.
SECTION B-8
Location: At prominent ledge-like sandstone
outcrop, in NW Sec. 7, T.20S., R.69W. .
Starting at shale slope, 900' FWL, 800' FNL




















Sandstone, cg, poorly exposed, rooted in
top 1'. Channel?
Rockvale Member
Sandstone, cg, low relief scour base, high
angle trough crossbedded, shale clasts less
than 0.01' along bedding planes, a few
0rhiomorpha, poorly exposed in upper 28'
a though there is a local 4' exposure of
gray shale with l' cg sandstone in its
middle part and a local exposure of high
angle trough crossbeds near top. Upper
shoreface and foreshore.
Sandstone, fg in basal 6' and then gener-
ally mg with cg to fg fining upward units
0.3 to 4' thick and cg to mg fining upward
units l' thick, shale laminations at tops
of some units, highly burrowed in basal 6'
and then burrows confined to tops of units,
units are parallel thin bedded to hummocky
bedded with low relief scour bases. Burrows
include Ophiomor~, Arenicolites, Thalass-
inoides, Trichic nus, Diplocriterion, and
Planolites. Concretions up to 2' at some
levels, shale clasts up to 0.1' in basal
9'. Middle shoreface.
Lower Member
Sandstone, cg grades upward to fg, scour
base, poorly exposed. Channel.
9 Shale, gray, with fg sandstone at l' to
2' level and 7' to 9' level which has abun-
dant wood chip and organic debris imprints
along bedding planes. Splays in well
drained swamp.
3 Shale, brown, rooted, overlain by 1.5'
coal. Poorly drained swamp. Radiant coal
zone.
Shale, gray, minor organic debris along
bedding planes, with cg to mg sandstone













and internal scour surface, contains
organic debris and wood chip imprints along
bedding planes, and is rooted in top 1'.
Splay in well drained swamp.
Shale, carbonaceous, overlain by 1.3' coal.
Poorly drained swamp. Radiant coal zone.
SECTION B-9
Location: At cut bank in Coal Creek, NW
Sec. 12, T.20S., R.70W. Starting at base





Sandstone, cg grades up to fg in 0.5' to
3' units, high angle trough crossbedded and
locally subparallel bedded within larger
scale accretionary beds, local shale lenses
at tops of units, Ophiomorpha and
Trichichnus dominantly at tops of units,
concretions up to l' at some levels. Tidal
channel - estuary.
Sandstone, generally cg fining upward to
fg in 0.3 to 3' units, parallel to hummocky
bedded, units have low relief scour bases
and are highly burrowed at tops, burrows
include Ophiomorpha, Arenicolites, Thalass-
inoides, Cylindrichnus, Trichichnus, and
Teredolithos. Concretions up to I' at some
levels. Middle shoreface.
Lower Member
Sandstone, cg to mg, trough crossbedded,
shale clasts up to l' thick near top,
Ophiomorpha perpendicular to bedding in
top 1', shale drapes at top. On west side
of exposure this sandstone cuts into cg
ss and gray shale interbeds. Channel cut-













Location: At highwall of inactive strip
mine in SW Sec. 6, T.20S., R.69W. Starting
at rubble above mined coal near northern-
most exposure of the Rockvale Member in





Sandstone, dominantly mg with mg grading
up to fg sets 0.1 to 0.5' thick near base
and cg grading up to mg or fg sets 0.1 to
0.4' thick near the middle and top, sets
have low relief scour bases, subparallel
to hummocky bedded, shale laminations at
tops of units in upper part, units are
generally highly burrowed especially at
tops. Burrows include Ophiomorpha, Plano-
lites, Arenicolites, Thalassinoides,




Shale, carbonaceous, gray grading up to
brown, rooted, overlain by 0.1' coal that
was originally thicker but has been scoured
by overlying sandstone. Overlying sandstone
contains rafts of coal in highwall exposure
about 500' to SE. Poorly drained swamp.
Radiant coal zone.
Shale, gray, with interbeds of fg and mg
sandstone containing load casts. Sandstone
unit near top is trough crossbedded, rooted
in top 0.5', and contains organic debris
imprints and shale clasts. Splays in well
drained swamp.
3 Shale, gray grading up to brown, with 1.5'
coal on top. Thin bentonite 0.2' thick at
top of coal. Poorly drained swamp. Radiant
coal zone.
6 Shale, gray, lacks organic debris imprints,















laminations. Sandstone contains abundant
organic debris and wood fragment imprints
and some mica on bedding planes, and is
rooted in top 2'. Splay in well drained
swamp.
SECTION B-13a
Location: In gully in SW Sec. 31, T.19S.,
R.69W. Starting in middle of exposure, 1300'




Sandstone, fg, subparallel bedded. Lower
shoreface.
Sandstone and shale interbeds, subparallel
bedded, Thalassinoides oriented perpen-
dicular and parallel to bedding. Shallow
marine.
Lower Member
Coal, 1.0'. Poorly drained swamp. Radiant
coal zone.
SECTION B-13b
Location: In gully about 40 feet west of
where coal bed splits into two beds, in SW
Sec. 31, T.19S., R.69W. Starting above the





Sandstone, fg, subparallel bedded and
hummocky bedded, weathered shale clasts near
the middle, asymmetrical ripple marks near
the top, Ophiomorpha, Arenicolites,




Scale: 1 inch=2,OOO ft
Locations of measured sections B-13



















Shale and fg sandstone, interbedded, sub-
parallel bedded, with abundant organic
debris imprints along bedding planes, shale
clasts up to 0.2', burrows include Diplocri-
terion, Planolites, Thalassinoides, and
Cylindrichnus. Shallow marine.
Sandstone, mg, lenticular, -- only extends
about 200', highly burrowed by
Cylindrichnus, Planolites, Thalassinoides,




Sandstone, mg, parallel bedded. Splay.
Shale, carbonaceous, brown to black, over-
lain by 1.7' coal. Poorly drained swamp.
Radiant coal zone.
4
Shale, gray, with fg sandstone intervals
that have transitional bases, are sub-
parallel bedded, contain organic debris
imprints, and are rooted at the top. Splays
in well drained swamp or bay.
Shale, carbonaceous, with 0.4' coal and 1.0'
coal at the top and with a thin bentonite
bed at the top. Poorly drained swamp.
Radiant coal zone.
SECTION B-13c
Location: By old building foundation in
gully southwest of town of Coalcreek in SW
Sec. 31, T.19S., R.69W. Starting 2500' FWL,





Sandstone, fg, with slump structures. Lower
shoreface.
Shale and fg sandstone interbeds 0.1 to 0.3'
thick, subparallel bedded, highly burrowed
















Shale, brown, overlain by 2.1' coal. Poorly
drained swamp. Radiant coal zone.
4
Shale, gray to brown, with a few fg to vfg
sandstone interbeds up to 0.2' thick that
have wood chip imprints along bedding
planes. Splays in poorly drained swamp to
well drained swamp or bay(?).
Sandstone, mg, fine upward slightly, clayey,
trough crossbedded, thins to east and west,
rooted in top 2', contains Thalassinoides




Shale, gray, nonfissile. Bay(?).
2
4
Sandstone, fg, and shale interbeds grading
upward to flasar-bedded fg sandstone at the
top, highly rooted in top 2', with
Thalassinoides oriented perpendicular and
parallel to bedding in basal gray shale and
sandstone. This sandstone forms a prominent
ledge, is up to 10' thick and thins to the
east and west. Bayfill splay.
Shale, dark gray-brown. Bay(?).
Shale, gray, with 0.2' thick vfg sandstone
interbeds at base and at top. Thalassinoides
oriented perpendicular to bedding associated
with the sandstone interbeds. Well drained
swamp or bay t r ) •
Coal, 3.2' thick, with 0.01' thick bentonite
2.6' above base of coal, overlain by 2' of
brown carbonaceous shale that contains


















5 Sandstone, mg, with sandstone and shale
interbeds in basal 2', subparallel thin-
bedded, highly rooted in top 2'. Splay.
4 Shale, gray, with vfg sandstone less than
l' thick near base. Well drained swamp.
2 Shale, carbonaceous, overlain by 1.3' coal.
Poorly drained swamp. Radiant coal zone.
4 Sandstone, mg grades up to vfg, scour base,
shale clasts up to 0.1' and shale lamina-
tions near base, rooted in top 1'. Channel.
Shale, gray, lacks organic debris imprints,
with occasional fg sandstone interbeds less
than l' thick that contain organic debris
and wood chip imprints, and a 3' thick fg
sandstone near the top that is subparallel
bedded, has a transitional base with the
underlying shale, and is rooted in the top
2'. Splays in well drained swamp.
3 Shale, brown, carbonaceous, with petrified
wood at its base, overlain by 1.4' coal.
Poorly drained swamp. Monarch coal bed.
4 Sandstone, fg, scour base, rooted in top
2'. Channel.
Shale, gray, l' thick brown shale near
base, organic debris imprints along bedding
planes, with a 5' thick interval near the
middle of sandstone and shale interbeds
that grades into vfg sandstone in the top
2'. Sandstone is highly rooted in top 1'.
Splay in well drained swamp to poorly
drained swamp.
4 Sandstone, mg, fines upward, scour base,
shale clasts and organic debris imprints
along laminations, rooted in top 1',
weathers white on slope. Channel.
Shale, gray, generally nonfissile, general-
ly lacks organic debris, fg sandstone and
shale interbeds near the middle that have










shale, organic debris and wood chip imprints
along bedding planes, and rooted in top 1'.
Splays in well drained swamp.
SECTION B-14
Location: Along South Oak Creek in NW Sec.
31, T.19S., R.69W. and NE Sec. 36, T.19S.,
R.70W. Starting at resistant white sandstone
exposed in creek bed, 800' FWL, 350' FNL





Coal, 1.2' thick, with 0.2' bentonite layer
at base, overlain by l' carbonaceous shale.
Poorly drained swamp.
9 Sandstone, fg, apparently trough crossbedded
with subparallel beds at the top, rooted in
top 1', overlain by 2' brown shale.
Shale, carbonaceous, with 0.2' coal at 3'
level that is immediately overlain by 0.3'
vfg sandstone which is l' thick laterally.
Sandstone, cg grades up to mg in two 7' sets
each with subparallel shale interbeds up to
0.5' thick in uppermost 2' and each
containing shale clasts, and organic debris
and wood chip imprints along bedding planes.
Sandstone, accretionary bedded, distinct
scour contact with underlying unit, mg
grading up to fg in l' to 2' thick sets and
mg containing cg laminations, sets have low
relief scour bases, trough crossbedded,
concretions up to 2', dominantly oriented
perpendicular to bedding at some horizons,
slump structures near middle of unit.
Tidal channel-estuary.
6
Sandstone, fg to mg, subparallel to hummocky
bedded, weathered shale clasts up to 0.1'
along bedding planes near base, load struc-
tures at base, 0thiomor~ha dominantly
















Shale and fg sandstone interbeds, sub-
parallel bedded in beds generally up to 0.5'
thick and one bed up to 2' thick that
contains hummocky beds at its base and is
parallel laminated at its top and contains
Chondrites. Burrows in the rest of the unit
include Thalassinoides, Planolites, Cylin-
drichnus, Arenicolites, and unidentified
trails. Shallow marine.
Sandstone, mg, subparallel bedded, with
Ophiomortf% oriented parallel to bedding,
locally ~oturbated. Lower shoreface.
7 Shale and mg to fg sandstone interbeds,
burrowed by Thalassinoides, and contains
unidentified plant fossil in basal sand-
stone. Shallow marine.
SECTION B-18
Location: At roadcut exposure and natural
exposure near welding shop in SE Sec. 12,
T.19S., R.70W. Starting behind welding shop,




Sandstone, fg, occasionally shaly, sub-
parallel to hummocky bedded, concretions up
to l' at some horizons, organic debris
imprints along bedding planes, Ophiomorpha
and Thalassinoides oriented parallel to
bedding. Lower shoreface.
Shale, gray, sandy, subparallel bedded in
beds up to 2' thick, organic ~ebris imprints
along bedding planes, burrowed by Thalas-
sinoides, Cylindrichnus, Arenicolites,
Chondrites and miniature Ophiomorpha. Angu-
lar unconformity near top of unit with a few
feet of the underlying beds truncated by
overlying beds. At the unconformity surface
there are very few burrows so the sedimen-














time of its formation. Lower beds strike
N.25E. and dip 120 NW. Above the uncon-




Coal, 4.6' thick, underlain by l' brown
shale. Poorly drained swamp. Radiant coal
zone.
6 Sandstone, fg, and shale interbeds above l'
basal gray shale, interbeds become sandier
at the top, parallel to wavy laminated,
highly rooted in the top 2'. Splay in well
drained swamp.
SECTION B-19
Location: At prominent sandstone exposures
along Hwy 115 in South 1/2 Sec. 12, T.19S.,
R.70W. Starting above weathered slope at





Sandstone, mg, in l' thick fining upward
sets that are trough crossbedded, lacks
trace fossils. Bayfill splay?
7 Covered, with weathered coal visible. Poorly
drained swamp, at least in part.
Rockvale Member
Sandstone, cg fining upward to mg in 0.5 to
3' sets, mg in upper half of exposure, high
angle trough crossbedded and subparallel
bedded to massive in upper part, concretions
up to 2', abundant Ophipmorpha and
Arenicolites at some horizons. Upper shore-
face and foreshore.
Sandstone, cg to mg in fining-upward sets,
hummocky to subparallel bedded, scour bases




clasts near scour bases in lower part of
unit, abundant Ophiomorpha and Thalass-
inoides oriented parallel to bedding at some
horizons. Middle shoreface.
Shale with thin sandstone interbeds burrowed
by Thalassinoides oriented parallel to
bedding. Lower shoreface?
